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Aux Etats-Unis, les permis NPDES (National Pollutant Discharge Elimination System) réglementent 
les émissions de polluants dans les eaux réceptrices. Les contraintes réglementaires imposées par les 
permis NPDES existants ont été progressivement réévaluées et, dans ce cadre, le futur permis 
NPDES instaurera des contraintes réglementaires quantitatives. Le niveau de ces normes numériques 
est actuellement en cours d’évaluation. Pour répondre a ces besoins, l'EPA (Environmental Protection 
Agency) a récemment publie un guide de mise en œuvre des TMDL (Total Maximum Daily Loads) en 
conformité avec les permis NPDES et devrait communiquer, dans un futur proche, sur des normes 
numériques applicables sur les chantiers de construction. La capacité des ouvrages spécifiques de 
traitement des eaux pluviales à éliminer des polluants des eaux contaminées est connue et 
documentée. Apparu dans les années 90, le concept de développement à faible impact (LID - Low 
Impact Development) constitue une alternative plus efficace et moins onéreuse aux ouvrages 
spécifiques de traitement traditionnels tels que les filtres à sable ou encore les bassins de retenue. 
Aux Etats-Unis, le concept de LID encourage la collecte à la source des eaux de ruissellement et la 
restauration des conditions hydrologiques pré-développement. Cependant, la mise en œuvre du 
développement à faible impact ne résout que peu les problèmes de qualité de l'eau puisque 
l'environnement bâti existant est en majeure partie responsable de l’altération des eaux réceptrices 
actuelles. A ce jour, aucune méthode détaillée n’a été élaborée pour répondre à cette problématique.  
Cette communication présente une méthode d’approche répondant aux problèmes de qualité de l'eau 
existants dans les zones urbaines. Pour la plupart des polluants recensés, les normes en matière de 
qualité des eaux réceptrices peuvent être respectées par l’utilisation de technologies de traitement 
passif et actif, couplées à un contrôle plus strict à la source. Dans certains cas, le contrôle en amont 
devient l’unique solution économiquement viable pour améliorer la qualité des eaux de ruissellement. 
Cette approche reste particulièrement onéreuse et ne conduit pas systématiquement au respect des 
normes de qualité de l'eau. 
ABSTRACT 
National Pollutant Discharge Elimination System (NPDES) permits in the United States are 
experimenting with numeric action levels and numeric effluent limits measured at the end of pipe as 
the next level of progressive regulation to achieve receiving water standards for surface waters. The 
USEPA has recently released draft guidance for implementing TMDLs through NPDES permits, and is 
currently in the process of promulgating effluent standards (likely numeric) for construction sites.  The 
effectiveness of treatment BMPs in removing constituents from stormwater is well documented.  The 
next level in treatment controls and site design, collectively termed low impact development, provides 
greater efficiency at a reduced cost compared to first generation controls such as detention basins and 
sand filters; however, existing receiving water problems are not being created by the urbanizing fringe.  
The built environment is responsible for current receiving water impairments, and a comprehensive 
plan to address water quality from existing urban areas has not been developed. 
This paper describes an approach to begin to formulate a plan to address water quality problems from 
existing urban areas.  For some situations, true source control will be the only economical and viable 
approach to improve stormwater quality.  Current regulatory pressure is emphasizing treatment 
controls for the urbanizing fringe, and retrofit of treatment controls in existing urban areas.  This is an 
exceptionally costly approach that may ultimately not meet water quality standards.   
KEYWORDS 




Compliance with some form of a numeric limit and with total maximum daily load (TMDL) allocations is 
becoming a reality for many municipal storm water programs in the US.  Numeric effluent limits (NELs) 
are beginning to show up in some stormwater NPDES permits, including the recent initiative by the 
USEPA to develop (likely numeric) effluent limit guidelines for stormwater discharges from 
construction sites.  TMDL compliance programs are in the early stages of implementation in most 
areas and to date, compliance efforts for stormwater programs have centered on credits received 
through enhanced practices such as sweeping. However, as numerically higher phased TMDLtargets 
arrive, load and concentration reductions will become more complex and more expensive to achieve.  
The retrofit of treatment controls into existing urban areas seems to be the default compliance plan for 
TMDLs and numeric standards for municipal storm drains.  Traditional source controls, in combination 
with treatment control retrofit can achieve some, but not all, waste load allocations and numeric limits.  
What has not been adequately investigated however is the life-cycle cost of this type of approach for 
compliance as compared to a true source control approach through reduction or elimination of the 
pollutant from commercial use.   
Treatment controls primarily remove consituents through sedimentation and filtration, settling out 
particulates and associated pollutants through Type 1 sedimentation (detention and vegetated 
controls), or straining out particles through filtration such as in sand filters and infiltration.  Some 
sorption occurs but is limited due to the short contact time in the BMP.  Some denitrification can also 
occur in the root zones of wetland type controls, but again, it is limited by the contact time.  Improved 
treatment best management practice (BMP) design employs a unit process approach to enhance 
removal of targeted constituents through each designated process.  The majority of the ‘removal’ of 
pollutants by treatment controls means the pollutant is retained in the BMP.  Testing has shown that 
soils within BMPs remains below threshold values for toxicity and in most cases pollutants become 
bound in vegetation root structures. 
Treatment control BMPs are a popular choice for stormwater programs since their operation is well 
documented and the results (pollution reduction) quantifiable.  But little is known about the long-term 
impacts of BMP operation, their life-cycle cost, and their environmental impacts.  A primary problem is 
that constituents are not ‘removed’ from the system.  At best they are either immobilized or bound to 
soil and rendered inert.  In some cases (such as through denitrification) a pollutant (such as nitrate) 
can be transformed (nitrogen gas), or if sanitary quality is the issue, pathogens can be eliminated but 
these cases are exceptions rather than the rule.  There are also many soluble constituents that do not 
sorb readily and persist indefinitely.  Personal care pharmaceuticals have also been identified as an 
emerging pollutant of concern and are fairly soluble.  Groundwater contamination is a pervasive 
problem in many locations in the world, a graphic demonstration of the ability of many chemicals to 
accumulate in aquifers. 
Perhaps even more troubling is the universe of chemicals in use today.  There are about 129 priority 
pollutants identified by the USEPA, but the number of chemical compounds used by society continues 
to expand.  The impacts of these compounds on surface water resources and effective methods to 
remove them from surface and groundwater is, in most cases, poorly understood.  Daughton (2004) 
notes that as of March 2004, nearly 23 million organic and inorganic substances had been indexed by 
the American Chemical Society’s Chemical Abstracts Service, with about 7 million of those substances 
commercially available.  Certainly not all of these compounds has an active pathway to the 
environment or would be harmful, but contrast this number of commercially available substances with 
the typical number of compounds sampled in a municipal storm water program (anywhere from 30 – at 
most 300) and the potential for unknown surface water pollution problems becomes apparent.  Viewed 
strictly from a human health perspective, about 120 diseases have been linked to pollution (Lean, 
2004), with more study needed to identify all of the problems. 
Several conclusions can be drawn from this information about the strategy of widespread deployment 
of treatment BMPs to meet receiving water standards.  First, the potential secondary effects from 
treatment BMP operation on the environment are unknown. There is not enough experience with 
treatment BMPs and land use redevelopment to understand if pollutants will be reintroduced into the 
environment from BMPs during land redevelopment.  Second, treatment BMPs are imperfect, 
removing a portion of the influent load of a pollutant, and perhaps only a fraction of the load for very 
soluble chemicals.  Finally, the construction and operation of BMPs has environmental impacts.  The 
amount of energy used to extract raw materials, manufacture, ship, construct and maintain treatment 
BMPs is substantial.  The author (Taylor, 2008), developed an analysis that ranked treatment BMPs 
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by their carbon footprint, computing the life-cycle carbon release from the design, construction and 
operation of various contemporary treatment controls.  Not surprisingly, proprietary devices that 
include manufactured materials and require intensive maintenance faired more poorly than passive 
non-proprietary controls, but the tabulation serves to demonstrate that there is a significant difference 
in the environmental efficiency, or ‘eco-efficiency’ of stormwater treatment controls.  Table 1 provides 
the results of the lifecycle carbon analysis. 

















Vegetated Swale 340.4 93.2 0.57 162 3,586
Infiltration 2,405.5 130.9 1.00 131 5,023
Detention 6,381.6 119.8 0.55 219 10,765
Sand Filter 6,865.8 125.3 0.63 199 10,845
Wet Pond 6,724.8 175.2 0.71 246 11,638
Hydrodynamic 
Separator 5,806.7 275.0 0.11 2,536 56,519




Implementation of practices with relatively lower CO2 emissions should be prioritized over other more 
‘polluting’ alternatives.  In general, mechanized or mechanical and filter systems, with high 
maintenance requirements – particularly on a site by site or per inlet basis should be discouraged in 
favour of more passive controls. 
2 THE ECO-EFFICIENCY OF BMPS 
It is apparent that stormwater treatment devices are only modestly efficient, and that when a lifecycle 
analysis is performed, some may not even provide a net environmental benefit.  The question remains, 
is the current regulatory program to reduce stormwater volume, and treat runoff with BMPs the 
preferred or best approach?  Certainly retrofit of the built environment with treatment BMPs will require 
a substantial investment. In the US, regulatory agencies are requiring retrofit of BMPs when a parcel 
of land undergoes redevelopment.  But the pace of redevelopment is exceptionally slow.  For example, 
for a 10-year period (1985 to 1995) in the Bay area, about 0.5% of the land in the area was 
redeveloped.  Retrofit programs would need to be specifically funded to make a measurable impact on 
receiving water quality in a regulatory time frame.    
If we choose to initiate a retrofit program in urban areas to meet permit requirements or satisfy TMDL 
waste load allocations, the practices selected must have a high eco-efficiency.  The eco-efficiency of a 





   (Equation 1) 
 
Where: 
  PR = lifecycle pollution removed by the BMP 
  PC = lifecycle pollution created by the BMP 
The pollution removed term (PR) should be computed as chemicals that can be determined to be 
indefinitely sequestered from the environment, not temporarily stored.  The life-cycle pollution created 
by the BMP includes the construction and operation energy and environmental impacts, and legacy 
effects of the device. The higher the eco-efficiency index computed by Equation 1, the more effective 
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the BMP from an eco-efficiency perspective.  An algebraic solution to Equation 1 would rarely be 
attempted since the terms are exceptionally complex to assess.  Nevertheless, a solution can be 
approximated, and BMPs ranked in relative terms through the computation of proxies or 
simplifications.  To date, the stormwater industry has only limited data to compute the value of the 
numerator, and for reasons discussed, the ‘removal’ of pollution from the system (watershed or 
environment) may only be temporary; and there is little to no information currently available to 
compute the term in the denominator. 
The BMP with the greatest eco-efficiency will maximize the pollution removed, and minimize the 
pollution created.   As for any pollution control scheme, the most effective approach (and the highest 
eco-efficiency) is to work at the point with the most advantage (control point).  For example, nitrogen is 
difficult to remove using traditional stormwater practices.  The cost of nitrogen removal was assessed 
by (Kaluzniak, et. al, 2008) for compliance with a nitrogen TMDL for the St. John River in Florida.  The 
study found that nitrogen contribution from publicly owned wastewater treatment plans to the river was 
about 66,748 kg, and that from urban stormwater in the watershed was 3,018 kg, or less than 5% of 
the total.  The study further estimated that nitrogen removal at the treatment plants could be enhanced 
through process upgrades, and nitrogen removed for from $31 to $52 per kg, depending on the 
treatment plant process.  By contrast, the cost for removal of nitrogen from stormwater was estimated 
to cost between $12,000 and $16,500 per kg.  Clearly the control point for wastewater is at the 
treatment works, but the control point for stormwater is likely at the point of contact between the 
nitrogen source and the stormwater runoff.   
3 TRUE SOURCE CONTROL 
True source control can take various forms depending on the industry, source of pollution and the 
nature of the pollutant.  For stormwater, source control eliminates the potential for pollutant contact 
with runoff.  However, in practice there may be too many pathways for pollutants to come in contract 
with stormwater runoff in the environment to effectively control them.  True source control works to 
eliminate the potential pollutant from the environment as the most practical alternative.   
The practice of extended producer responsibility (EPR) is being implemented in Europe and gaining 
momentum in the US. EPR requires that producers recycle their product at the end of its useful life, 
making the manufacturer responsible to ensure that the product does not end up in the environment, 
and for the manufacturer to recycle the product materials.  Materials that are toxic tend to be more 
difficult and expensive to recycle.  EPR is attractive in that is uses free-market forces to reduce the 
toxicity of materials in products since this will reduce the cost of recycling the product.   
Source control through product substitution has adequate precedent, most notably for pesticides 
where their presence in the environment has resulted in wide-spread toxicity in urban and rural 
streams.  Ironically however, the case of pesticides represents a good example of true source control 
while at the same a time failure to meet the ultimate objective – protection of the environment.  An 
example is the organophosphate (OP) pesticide diazinon, which was banned for consumer use by the 
EPA in 2004 due to human and wildlife heath concerns.  Stormwater managers were hopeful that this 
action would provide relief from toxicity found in urban receiving waters.  Unfortunately, pesticide 
manufacturers switched to alternatives to OP pesticides, pyrethroids such as permethrin and 
tetramethrin.  Toxicity in urban streams persists today due to pyrethroid pesticide use.  For pesticides, 
consumer use must be reduced or changed for there to be a reduction in toxicity in receiving waters 
from their legal use.    
One of the current examples of a source control approach for a receiving water quality problem in the 
US can be found in the San Francisco Bay area for copper.  In the 1990’s it was determined that San 
Francisco Bay was exceeding the water quality standard for copper.  Study over the years has shown 
that up to about half of the copper in storm water discharging from highly urbanized watersheds in the 
Bay Area is attributable to vehicle brake pads (Kidwell-Ross, 2008).  The Brake Pad Partnership 
(BPP) is working with manufacturers to reduce the copper contained in OEM and aftermarket brake 
pads as a true source control approach.  The cost to manufacturers and consumers to reduce copper 
in brake pads is unknown, but the efficiency of eliminating a primary copper source from the 
environment is not disputed. 
 
3.1 TMDLs, Numeric Standards Compliance and Conventional Tools 
The US EPA lists the top five impairments in US waters as pathogens, mercury, metals, nutrients and 
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sediment respectively.  With the exception of sediment, it is unlikely that treatment controls alone will 
enable stormwater dischargers to meet their TMDL waste load allocations.  This is because most 
treatment BMPs operate on the principle of sedimentation (with the exception of infiltration) and 
perform relatively poorly for the removal of dissolved constituents.   
An example of the challenge in reducing constituent load in urban runoff is provided by the total 
nitrogen TMDL in Lake Elsinore, California.  Lake Elsinore has been the subject of extensive study for 
poor water quality, including accelerated eutrophication.   A total nitrogen concentration target as an 
annual average has been set at 0.75 mg/l. For storm water runoff, this target represents a relatively 
difficult compliance standard.  The Nationwide Urban Runoff Program (NURP) study (NCHRP, 2006) 
found median values for TKN and Nitrate + Nitrite of 1.9 and 0.7 mg/l respectively, for a median value 
of total nitrogen of 2.6 mg/l in the studied land uses.  Assuming the quality of runoff entering Lake 
Elsinore is similar to that found in the NURP study, an over 70% reduction is required to meet the 
TMDL target. 
The equations developed by Caltrans (2004 can be used to estimate the expected effluent 
concentration of various BMPs for total nitrogen.  The values shown in Table 2 should be similar to 
those in the International BMP Database (www.bmpdatabase.org).  The selected BMPs are wet pond, 
dry detention, vegetated swales and sand media filters. The NURP median values were used as 
influent for the regression equations to compute the expected effluent concentration.  Nitrite values 
were assumed to be negligible. 
 
Table 2 
Estimated Effluent Concentration – TN by BMP Type1 
BMP Type Effluent Concentration (mg/l) 
Wet Pond 2.4 
Dry Pond 2.4 
Swale 2.8 
Media Filter 2.0 
1Effluent is based on an expected influent concentration of 2.6 mg/l influent TN (ref: NURP). 
 
It is apparent from the values shown in Table 2 that traditional treatment controls alone can not meet 
the TMDL standard for Lake Elsinore (0.75 mg/l) for total nitrogen.  Schueler (1998) notes that the 
irreducible minimum concentration from conventional BMPs for total nitrogen is about 1.9 mg/l. Given 
the relatively modest reduction from treatment controls, the cost benefit of their use for a highly soluble 
constituent such as nitrogen is questionable.  The most viable approach for meeting nitrogen TMDL 
waste load allocations will be to employ a comprehensive source control program.   
Nitrogen sources in the Lake Elsinore watershed include agriculture, concentrated animal feeding 
operations, commercial business (nurseries) silvaculture, aerial deposition and urban runoff.  
Agriculture is not regulated under the NPDES permit system in the US.  Consumers are only minimally 
regulated through municipalities that must secure municipal NPDES permits.  Municipal NPDES 
permits do not empower the municipality to restrict the use of consumer products, limiting the tools 
available to the stormwater manager to meet waste load allocations.  Individuals are regulated through 
ordinances enacted by the local City or County.  As a result, runoff from private property not covered 
through the industrial permit process is relatively unregulated at the source level.  Consumer 
education and enforcement are difficult tasks for municipalities that generally may not have the 
manpower or the right to enter and inspect property.   
The most economical solution to the Lake Elsinore nutrient problem for point sources lies in regulation 
of the application of commercial and consumer use of fertilizers.  Substantial water quality 
improvement from the existing built environment can not reasonably be expected from the installation 
of end of pipe controls.  Further, the eco-efficiency of treatment BMPs for nitrogen would be relatively 
low compared to a restriction of use of nitrogen (true source control) in the watershed.  If high social 
value is placed on a goal of ‘clean’ surface waters (or if a waste load allocation has been developed), 
then the available methods to achieve this goal should extend throughout the life cycle of a product. 
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If current TMDL compliance strategies are taken to the apparent conclusion of requiring retrofit of 
treatment controls in existing urbanized areas, there will still remain a substantial gap between effluent 
quality and many waste load allocations.  The situation is analogous to control of water quality from a 
construction site where only treatment controls (such as sediment basins and silt fence) may be used.  
Without effective source controls, municipal programs will be severely limited in the level of runoff 
water quality that they can achieve.  
In order to progress to a level that can achieve numeric criteria and TMDL load allocations for 
dissolved constituents, new true source control BMPs must be implemented.  Municipal stormwater 
program managers must have more authority to control consumer activity based on the findings from 
their receiving water monitoring programs.  Specific changes that should be implemented to the 
municipal program include: 
 
 The ability of the permitting authority, through current processes, to establish 
local ordinances to ban the sale and use of consumer products that are 
shown to be contributing to the exceedence of receiving water standards or 
the subject of a TMDL; 
 
 The ability of the permitting authority to restrict or otherwise control 
commercial and agricultural application of products that are shown to be 
contributing to the exceedence of a receiving water standard. 
 
 The ability of the permitting authority to work with air resources boards to 
address aerially deposited constituents 
A watershed approach should also be used to assess the most economical way to meet waste load 
allocations in a phased TMDL.  Credit trading is a legitimate, cost-effective method to reduce pollutant 
loads while providing stakeholders with the opportunity to develop methods of source control that are 
ultimately the most effective, economical and eco-efficient approach to meeting receiving water 
standards. 
Local municipalities can make modest gains in implementing true source control.  Municipalities in the 
US have banned some architectural metals and fast-food (Styrofoam) containers.  To achieve more 
substantial and widespread benefits, national coordination and assistance is required.  For example, 
the USEPA began the phase-out of lead in gasoline in the 1970’s, and has banned the sale of leaded 
gasoline in the US since January 1, 1996.  Lead in soil and receiving waters has shown a steady 
decline over the past several decades.  The ban of chemicals found to harm beneficial uses of 
receiving waters may require societal changes and legislation at the national rather than the local 
level.  Green chemistry and product substitution will also be important tools to facilitate public 
acceptance of true source control.  True source control is a long-term component of stormwater 
programs that we must begin to implement now to maintain an acceptable pace (from both a 
regulatory and social perspective) of improvement in receiving water quality. 
3.2 Regulation and ‘True’ Source Control 
The factors impacting water quality are ubiquitous and cross all jurisdictional, regulatory, social and 
economic boundaries.  Government must play a larger role for surface water quality programs for 
programs to be successful.  The current US regulatory framework was established for point sources 
and has inherent conflicts for municipal storm water.  The USEPA in 2003 noted that application of a 
pesticide to waters of the US, if consistent with the Federal Insecticide, Fungicide, and Rodentcide Act 
(FIFRA), did not constitute a discharge of a pollutant under the Clean Water Act.  Yet the presence of 
such a compound would violate receiving water standards for toxicity and has resulted in 1,548 TMDL 
listings for pesticides nationally (USEPA, 2009).  
The EPA has responsibility under the Toxic Substances Control Act Section 5 (TSCA) to evaluate new 
commercial substances for threats to human health or the environment.  However, the EPA evaluates 
products at the point of use only, ignoring secondary environmental impacts.  The Agency is charged 
with weighing the ‘risks vs. the social and economic benefits’ of the substance to determine if it should 
be approved for use.  Ironically, the possibility of pollution occurring from ‘approved’ compounds, used 
as directed, is apparently anticipated by the CWA section 403(a) which directs EPA to set water 
quality criteria for TSCA ‘approved’ pollutants.  Additionally, promulgation of standards under Section 
403(a) can be an exceptionally slow process.  For example, in 2003 the EPA published the draft 
criteria document for nonylphenol, but does not appear to have made any progress on the 
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establishment of a standard since.  Nonylphenol has been known to cause surface water quality 
problems for some time.  A regulatory process that sets water quality criteria only after a compound is 
in use and only after it has been ‘discovered’ to adversely impact water quality can not possibly keep 
pace with potential pollution from the commercial use of millions of chemical compounds. 
The EPA should change its approach to regulation to require that the manufacturer identify potential 
environmental impact prior to approval of a compound for commercial use.  This approach would be 
consistent and complementary to extended producer responsibility.  Economical methods for 
assessing the environmental risk of chemical compounds are emerging.  Dr. Gilman Veith is 
investigating the use of quantitative structure-activity relationships (QSAR) to evaluate new chemicals 
for hazards in the environment.  QSAR can help establish priorities for testing of compounds that 
potentially may cause the greatest environmental or human health risk.  Substantially more research is 
needed to couple QSAR models with compound exposure pathways.  In the future, QSAR may 
provide the regulatory community with a tool to economically screen all new compounds and 
suspected existing compounds.  Basic evaluations of water quality impacts of new substances through 
established pathways could be required of the manufacturer using consistent protocols.  Costs and 
methods of controlling release of the substance in the environment could be determined and the cost 
of controls factored into the price of the product.  Eliminating potential adverse environmental impact 
at the time of product manufacture would provide the true ‘best’ management practice with the highest 
eco-efficiency. 
3.3 Conclusion 
The ‘eco-efficiency’ of BMPs is disregarded in the current regulatory framework.  Implementation of 
stormwater regulations using best management practices through the concept of maximum extent 
practicable does not adequately assess the environmental impact of BMP implementation.  The 
current practice of sequestering particulate related pollutants in detention basins, infiltration basins, 
filters and wet ponds carries an un-assessed environmental risk and appears to provide modest 
benefit at a high life-cycle cost.  The long-term maintenance obligations of treatment BMPs will place a 
significant burden on municipal budgets and may not meet regulatory obligations. 
The concept of extended producer responsibility (EPR) represents a rational approach to controlling 
the environmental impact of products.  EPR requires manufacturers to take back products after their 
useful life is expended, and to bear responsibility for environmental impacts of their products from 
manufacturing through consumer use.  Implementation of EPR would bring to bear, market forces to 
minimize all costs from the manufacture and use of a product far more efficiently than through the 
implementation of water quality standards on municipal entities that have no control on the 
development or use of consumer products. 
The current system of water quality regulation diverts far too many resources to end of pipe treatment 
controls which are only modestly effective and have a high life cycle cost.  The method for approving 
new chemical compounds for commercial use is not protective of surface water quality and does not 
assess the costs to comply with environmental regulation – or the environmental cost of the product.  
The framework for detecting existing compounds that impair surface water quality is slow and under-
funded.  New approaches, such as the use of QSAR, may greatly enhance the potential for regulatory 
authorities to cost-effectively screen chemical compounds for potential environmental effects.  Unless 
basic changes are made to the regulatory system and approach to pollution prevention, we will be 
consigned to an exceptionally slow and expensive reactive approach to water quality improvement, 
relying on complex regulatory ‘solutions’ such as Total Maximum Daily Loads (TMDLs) and forever 
discovering water quality problems only after they have created a receiving water impairment.   
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